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EVOLUTION OF CAD AND BIM SOFTWARE IN ARCHITECTURE,
CIVIL ENGINEERING AND GEODESY

Abstract:

This paper examines the historical evolution of computer-aided design (CAD) and building
information modeling (BIM) software in architecture, civil engineering, and geodesy. The
development of digital design technologies is analyzed through several key phases, from the early
experimental CAD systems of the 1960s and 1970s to the expansion of personal CAD platforms in
the 1980s and the emergence of object-oriented modeling approaches in the 1990s. Particular
attention is given to the widespread adoption of BIM during the 2000s and the recent integration of
cloud computing, artificial intelligence, and digital twin technologies.
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EBOJIYHHUJA CAD U BIM COPTBEPCKHUX AJIATA Y APXUTEKTYPH,
I'PABEBUHAPCTBY U I'EOAE3UJU

Caricemax:

OBaj pan aHanmu3upa HCTOPUJCKY €BONYLHjy co(TBepa 3a padyHApPCKd IOTIIOMOTHYTO
npojekroBatbe (CAD) m mopenoBame undopmanuja o rpahesunn (BIM) y apxurektypw,
rpaljeBuHApCTBY M reojie3uju. Pa3Boj MUTUTAIHUX TEXHOJIOTH]a MPOjEeKTOBama pa3Marpa ce Kpo3
HEKOJIMKO KJbYYHUX (pa3a, IOYEBIIH Of paHuX ekcrnepuMmeHTanHux CAD cucrema mie3geceTux U
ceAaMIeceTnX TOJMHA, MpeKo mmpema mnepcoHamHnx CAD mmaTtdopMu TOKOM OcaMIIeceTux
TOJIHA, JI0 TI0jaBe 00jeKTHO OPHjeHTHCAHUX IPUCTYIa MOJICIIOBAKY TOKOM JIEBEIECETUX TOAWHA.
[Tocebna nmaxkma moceeheHa je mmpokoj npuMjeHn BIM-a TokoM BHjeXMbaIUTHX TOAWHA, KA0 1
HEJaBHOj MHTETPAIHjH IUIOY pPadyyHApCTBA, BjeIITaYKe HHTEITUTEHITN]€ M TEXHOJOTH]a JUTHTAITHUX
OM3aHara.

Kwyune pujeuu: CAD, BIM, oueumannu ou3aj.



1. INTRODUCTION

Computer-aided design (CAD) and building information modeling (BIM) are foundational to
contemporary digital delivery in architecture and civil engineering, where they support digital
representation of design intent, coordinated documentation, and information reuse across project
phases [1], [2]. In parallel, geomatics contributes essential capture and spatial-context functions —
e.g., measurement, reality capture, and georeferencing — needed to align designed or as-built models
with real-world conditions and coordinate reference systems [3], [4]. A key distinction in this
landscape is representational: conventional CAD workflows are largely entity-based and geometry-
centric, encoding meaning implicitly through drafting conventions (layers, symbols, annotations),
whereas BIM is object-based and information-rich, maintaining an integrated repository of
geometric and non-geometric attributes and relationships intended to persist across the lifecycle [5].
The current capabilities of CAD and BIM environments are the result of a long process of
technological and methodological development. Early computer-aided systems initially emerged as
tools for digital drafting and geometric modeling, gradually evolving toward integrated information
environments capable of representing building components, relationships, and lifecycle data [6], [7].
This transition reflects broader advances in computing power, graphics processing, data storage, and
networking technologies, as well as changing industry expectations regarding collaboration and
information management in the architecture, engineering, and construction (AEC) sector [2], [8],
[9]. Understanding this evolution is essential for interpreting the capabilities and limitations of
contemporary CAD and BIM platforms.

2. EVOLUTION OF CAD AND BIM SOFTWARE

2.1. 1960S-1970S: EARLY DEVELOPMENT OF CAD SYSTEMS

Early CAD systems enabled designers to construct and edit basic geometric entities — such as points,
lines, and shapes — on vector-based displays, while also specifying relationships and constraints
among them. Instead of offering ready-made design solutions, these systems prioritized flexibility,
allowing users to experiment with forms through parametric adjustments and geometric rules. This
approach introduced the concept that digital tools could handle complex dependencies within a
design, forming an important basis for the subsequent development of CAD and BIM technologies
[10][11]. A pivotal milestone was Ivan Sutherland’s 1963 MIT project, Sketchpad (Figure 1). By
introducing light-pen interaction, geometric constraints, and modular "subpictures," Sketchpad
established the fundamental principles that still govern modern CAD interfaces today [12].

Figure 1. Sketchpad — the first interactive computer graphics system developed
by Ivan Sutherland (1963). Source: Computer History Museum.

Within the same decade, large industrial laboratories translated these ideas into production-oriented
workflows. General Motors and IBM introduced DAC-1, a system that merged interactive visual
displays with advanced surface-generation techniques for manufacturing. While the digital
infrastructure for data transfer and machining was still fragile and highly idiosyncratic at the time,
DAC-1 served as a primary prototype for the CAD/CAM integration that would follow [13].

During this period, the development and practical use of CAD systems were strongly constrained
by technological limitations, including software complexity, algorithmic constraints, and the



difficulty of fully automating complex design tasks [14]. The systems operated on extremely
expensive mainframe computers equipped with very limited magnetic-core memory and restricted
data storage. Visualization relied on vector refresh displays, where the level of graphical complexity
was constrained by technical factors such as refresh rates and screen flicker. The high cost of
hardware and infrastructure confined the use of CAD systems to well-funded industries such as
aerospace, automotive, and defense, while smaller fields, including architecture and surveying, were
largely excluded due to the substantial financial and organizational resources required for adoption
[10], [15], [16].

In architecture and construction research, work centered on representational formalisms rather than
turnkey drafting replacement. Charles M. Eastman articulated computational representations for
space planning (1970) and later described a building description system concept (1976) that treated
buildings as database-backed structures — an intellectual precursor to later model-based practices,
albeit confined largely to research settings under contemporaneous hardware and cost barriers [17],
[18].

In geodesy, conceptually adjacent developments emerged under similar mainframe constraints:
Roger F. Tomlinson’s Canada GIS was functionally specified in 1963 and implemented within the
Canadian federal government to store and analyze land-inventory information, while early computer
mapping packages (e.g., SYMAP) exemplified mid-1960s automated map production and basic
spatial analysis using limited graphics output devices [19], [20]. Taken together, the developments
of the 1960s and 1970s illustrate the early evolution of CAD as a hardware-constrained transition
toward interactive modeling and the reuse of digital information. This historical context provides
the foundation for understanding how later advances, particularly the reduction in computing costs
and the emergence of more sophisticated data structures, enabled the broader adoption of CAD
technologies across the architecture, civil engineering, and geodesy.

2.2. 1980S: EXPANSION OF PERSONAL CAD SYSTEMS

The 1980s marked a turning point in the development of CAD, as the technology gradually ceased
to be an exclusive and costly tool available only to large organizations. With the emergence of
microcomputers, bulky and expensive turnkey systems were increasingly replaced by “personal”
CAD applications that could run on individual workstations. This transition not only transformed
the hardware environment but also significantly reshaped the software market, enabling a much
broader adoption of digital design technologies across various industries [21], [22].

In the 1980s, the capabilities of CAD systems were largely determined by hardware limitations. The
modest specifications of early personal computers — limited memory and slow storage — made
command-heavy interfaces and strict file handling a necessity [22]. Because the processors of the
day (the 80x86 generation) struggled with the high computational demands of object-oriented
modeling, the field settled on entity-based drafting. This allowed designers to work efficiently with
basic geometric primitives like lines and arcs within the era's technical boundaries [23].

In 1982, sixteen founders established Autodesk with a vision for affordable, PC-based CAD
software. Their flagship product, AutoCAD (Figure 2), became a global phenomenon, surpassing
50,000 sales by 1986 and winning annual awards for a decade. Launched in 1987, Version 9
standardized file formats across platforms. More importantly, it revolutionized the user experience
by introducing the "Advanced User Interface," featuring the first iteration of pull-down menus and
dialog boxes [24].

’6'-: “\_

Figure 2. AutoCAD 1.0 interface, one of the first widely adopted personal CAD
systems. Source: Flickr.



In 1984, the Allplan software was introduced as a 2D CAD application designed primarily for
architectural and civil engineering drafting. Its development is closely linked to the engineering
office Ingenieurbiiro fiir das Bauwesen, founded in Munich, Germany in 1963 by Prof. Georg
Nemetschek, which later evolved into the Nemetschek Group — one of the leading global providers
of BIM software solutions. The early version of Allplan focused on supporting digital drafting and
technical documentation in the construction industry. It enabled designers and engineers to create
precise two-dimensional technical drawings, including floor plans, sections, elevations, and
construction details, using basic geometric elements such as lines, arcs, and polygons [25].
MicroStation was introduced in 1985 by Bentley Systems as a CAD platform for personal
computers, particularly IBM PC systems. The first version focused on 2D computer-aided drafting,
allowing engineers and designers to create technical drawings using vector-based geometric
elements. It provided tools for geometry editing, element management, and the production of
engineering documentation, making it suitable for civil engineering, infrastructure, and architectural
design [26].

The conceptual foundations of BIM can be traced to early research on digital building
representations. In The Use of Computers Instead of Drawings in Building Design, Charles Eastman
proposed replacing traditional drawings with a computer-based model of a building composed of
interconnected elements containing geometric and descriptive information. Such a model could store
properties of building components, generate drawings automatically, and support analytical tasks
such as cost estimation and conflict detection [27]. These ideas established the conceptual basis for
BIM by introducing the notion of a unified digital building model containing both geometric and
semantic information.

One of the first commercial implementations of these concepts appeared with the introduction of
ArchiCAD in 1987 by the Hungarian company Graphisoft. ArchiCAD implemented the concept of
a “Virtual Building®, where designers created a digital model composed of intelligent architectural
elements such as walls, slabs, windows, and doors. From this model, the software could
automatically generate architectural documentation, including floor plans, sections, and elevations
[28]. By integrating geometric modeling with building information and documentation in a single
environment, ArchiCAD represented one of the earliest practical implementations of the BIM
approach.

While CAD software was rapidly adopted in architecture and civil engineering during the 1980s,
surveying and geodesy increasingly relied on emerging geographic information systems (GIS) for
the management and analysis of spatial data. During this period, several important GIS platforms
appeared, including ARC/INFO (1982) developed by ESRI and GRASS GIS (1982), which
provided tools for storing, analyzing, and managing spatial data [29]. Although both CAD and GIS
applications began to appear on personal computers at roughly the same time, they were generally
developed as separate and often incompatible systems. CAD software focused on precise geometric
drafting and engineering design, representing real-world objects through vector elements such as
points, lines, and polylines, but typically without associated attribute information. In contrast, GIS
systems were designed to manage spatial features together with descriptive data stored in relational
databases and to support spatial analysis. Differences in data structures, coordinate representations,
and positional accuracy often made data exchange between CAD drawings and GIS datasets
difficult, requiring additional processing when geodetic data collected in the field was transferred
between design-oriented CAD environments and GIS-based spatial analysis systems [30].

2.3. 1990S: TRANSITION TOWARD OBJECT-BASED MODELING

During the 1990s, advances in computing power and graphics capabilities enabled CAD systems to
move beyond traditional 2D drafting toward more sophisticated 3D and object-based modeling
environments. Instead of representing designs solely through geometric primitives, new modeling
approaches introduced objects, parameters, and relationships that could capture the intent and
structure of engineering and architectural designs.

Parametric modeling emerged in the early 1990s as an approach that addressed the limitations of
traditional geometry-based CAD systems. Instead of defining designs only through fixed geometric
primitives, parametric CAD systems used dimensional parameters and geometric constraints,
allowing models to automatically update when parameter values changed. This approach enabled
the efficient generation of multiple design variants from a single master model while also capturing
relationships between design elements and aspects of the designer’s intent. The concept was further
extended through feature-based modeling, where higher-level features such as holes, patterns, or
complex shapes replaced simple geometric primitives, allowing CAD systems to represent
engineering components in a more structured manner [31].



Alongside the development of parametric modeling, the early 1990s also saw the adoption of object-
oriented modeling concepts in CAD for the construction industry. Instead of representing designs
only through geometric primitives, this approach described buildings as collections of interacting
objects representing real construction elements and their relationships. These objects could store
both geometric information and associated attributes, enabling design information to be structured
hierarchically and viewed from different perspectives, such as spatial, physical, and structural
aspects of a building [32], [33]. These theoretical developments in parametric and object-oriented
modeling strongly influenced the development of CAD and BIM software during the 1990s, leading
to the emergence of systems capable of representing buildings and engineering structures through
intelligent objects and parameterized relationships.

One of the early examples was InRoads, developed by Bentley Systems, which provided advanced
tools for civil engineering and infrastructure design, particularly for road and terrain modeling [34].
In architectural design, Chief Architect, first released in 1992, introduced object-based building
elements such as walls, doors, and windows that could automatically interact within a digital
building model [35]. Around the same period, MicroStation Modeler, introduced by Bentley
Systems in 1995, incorporated parametric and feature-based modeling by extending the
MicroStation platform with solid modeling capabilities based on a feature-tree structure that
recorded modeling operations and parameters, allowing models to be modified while preserving
design history and intent [36]. In structural engineering, Tekla Structures emerged during the mid-
1990s, enabling detailed object-based modeling of steel and reinforced concrete structures and
supporting the generation of fabrication and construction documentation [37]. Autodesk later
introduced AutoCAD Architecture (initially Architectural Desktop), which extended the traditional
AutoCAD environment with architectural objects and building-oriented modeling capabilities [38].
Toward the end of the decade, Rhino 3D, released in 1998, introduced advanced NURBS-based
modeling tools that enabled the precise creation of complex free-form geometries widely used in
architecture and industrial design [39].

During the same period, several established CAD platforms also evolved significantly. New versions
of AutoCAD introduced improved 3D modeling capabilities, enhanced user interfaces (Figure 3),
and expanded support for architectural design workflows [22]. Similarly, ArchiCAD continued to
develop the concept of the “Virtual Building*, expanding its capabilities for integrated 3D building
modeling and automated generation of architectural documentation [38]. These developments
strengthened the transition from traditional drafting-oriented CAD systems toward object-based and
information-rich design environments [40].
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Figure 3. AutoCAD R12 user interface. Source: WinWorldPC.

During the 1990s the CAD/GIS landscape shifted markedly toward integrated information models.
Academic and industry sources document that construction and survey data began flowing directly
into CAD, enabling field data from instruments such as total stations to be imported into CAD
environments in near real time [41]. Concurrently, Autodesk introduced CAD/GIS products:
AutoCAD Map (1996) and, after acquiring Softdesk in 1997, the AutoCAD Land Development
Desktop suite [42]. These enabled GIS data exchange and civil/survey workflows within AutoCAD.
Broader studies note that the 1990s saw the first CAD—GIS import/export tools and geospatial
extensions (e.g. CAD layers with GIS layers, raster/vector blending) [43]. This era also saw nascent



open standards (e.g. the Industry Foundation Classes (IFC) data model effort begun ca. 1994—
97)[44] foreshadowing today’s BIM interoperability. In sum, authoritative sources confirm that by
the late 1990s CAD had evolved from pure drafting into richer, georeferenced design environments
integrating GIS and survey data (via tools like AutoCAD Map) as well as early BIM/IFC initiatives.

2.4. 2000-2009: EMERGENCE AND ADOPTION OF BIM

Entering the early 2000s, the AEC industry already relied on mature personal-CAD infrastructures
— most notably Autodesk AutoCAD — which had institutionalized drawing-centric documentation
workflows and reinforced the separation between geometric drafting artifacts and broader project
information [45]. Against this background, the period from roughly 2000 to the end of the decade is
widely described in the literature as the phase in which BIM began to consolidate as a practical
paradigm for integrated digital design and information management [46]. BIM was increasingly
defined as the coordinated interaction of technologies, processes, and policies enabling the
management of structured building data throughout a facility’s lifecycle [47]. In this sense, BIM
models were understood as structured digital representations combining geometric, semantic, and
relational information, functioning as shared knowledge bases for design, construction, and
operation activities [6].

Within this emerging conceptual and technological landscape, the development of Autodesk Revit
played a significant role in translating BIM principles into practical software tools. Originally
developed in 2000 by the company Revit Technology Corporation, Revit was designed from the
outset as a parametric building modeling environment based on a centralized database of building
elements (Figure 4). Although earlier systems such as ArchiCAD had already introduced object-
based building modeling concepts, Revit distinguished itself through its parametric change engine,
which enabled automatic propagation of modifications across all views, schedules, and
documentation derived from a single building model [48]. Following the acquisition of Revit
Technology Corporation by Autodesk in 2002 [49], the software rapidly became one of the dominant
platforms supporting BIM implementation within the AEC industry. In this context, Revit
operationalized BIM principles by enabling integrated model coordination, multidisciplinary
collaboration, and automated documentation derived from a unified digital representation of the
building, thereby reinforcing the transition from drawing-centric CAD workflows toward model-
based information management [9], [50].
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Figure 4. User interface of Revit 1.0, one of the earliest parametric BIM

authoring tools. Source: Yobyot Revit history archive.

In addition to Revit’s building-authoring capabilities, several software platforms that emerged or
were consolidated during the 2000s supported the broader adoption of BIM by addressing different
stages of the design and construction workflow. SketchUp, introduced in 2000, enabled rapid and
accessible 3D modeling for conceptual design exploration and communication in the early stages of
the design process [51]. Research also demonstrates its usefulness as a lightweight environment for



iterative design, allowing faster feedback cycles even when more advanced BIM authoring and
coordination were performed in other systems [52]. In the infrastructure domain, Autodesk Civil 3D
(2005) extended model-based workflows to civil engineering projects through object-based corridor
and site modeling, supporting the emergence of infrastructure BIM practices [53]. Finally,
Autodesk’s acquisition of Navisworks in 2007 strengthened BIM coordination capabilities by
enabling federated model review, interdisciplinary coordination, and clash detection, allowing
multiple discipline-specific models to be integrated into a single project environment [54].
AutoCAD Map 3D, introduced in 2006 as the successor to earlier AutoCAD Map software,
strengthened the integration between CAD and GIS environments, enabling geospatial datasets to
be incorporated directly into engineering workflows [55]. Additional tools such as AutoCAD Raster
Design (2005) supported the processing and vectorization of scanned cadastral and topographic
maps, which was particularly relevant for geodetic applications involving legacy cartographic data
[56]. Together, these developments represented an important step toward infrastructure-oriented
BIM approaches by combining surveying data, terrain modeling, and engineering design within
unified digital environments.

Parallel to these developments, interoperability standards also advanced during the 2000s, most
notably the Industry Foundation Classes (IFC). IFC was developed as an open and standardized data
model intended to enable interoperability between BIM software applications and support the
exchange of building information across different platforms and project stages. By facilitating the
sharing of structured digital data, IFC contributed to the transition from isolated CAD drawings
toward integrated, information-rich BIM models by the end of the 2000s [57].

2.5. 2010-2019: CLOUD-BASED CAD AND BIM PLATFORMS

During the 2010-2019 period, cloud computing emerged as an important technological foundation
for the digital transformation of design and construction processes. Cloud platforms enabled on-
demand access to shared computing resources, including storage, processing power, and software
services, thereby supporting scalable and collaborative digital environments for engineering
applications [58]. Within the AEC domain, cloud technologies facilitated the integration of BIM and
geospatial information systems, allowing project stakeholders to access and manage large volumes
of heterogeneous project data throughout the building lifecycle. These capabilities supported
centralized information management, real-time collaboration, and improved coordination among
geographically distributed teams through common digital environments hosted on cloud
infrastructures. Furthermore, cloud-based BIM environments enabled the exchange and
synchronization of project information across multiple software platforms, strengthening
interoperability and extending BIM applications toward lifecycle management and facility
operations [59], [60].

During this period, increasing attention was also given to interoperability between heterogeneous
BIM applications, particularly through the adoption of open standards such as the IFC [61]. I[FC
provides a vendor-neutral data model that enables the exchange and integration of building
information across different software platforms and project stages, thereby supporting collaborative
model-based workflows in the fragmented construction industry [44], [62]. In parallel, research on
BIM-GIS integration expanded significantly during the mid-2010s, reflecting the growing need to
combine detailed building-level information with broader geospatial datasets. Such integration
enables advanced spatial analysis, urban modelling, and decision-support applications by linking the
rich semantic information of BIM with the spatial analysis capabilities of GIS platforms [63]. These
developments were particularly relevant for infrastructure planning, smart-city initiatives, and large-
scale urban data management.

The growing availability of cloud infrastructures during this period also stimulated the emergence
of fully cloud-based CAD and BIM platforms designed to support distributed design collaboration
and data management. One prominent example in the AEC domain is Autodesk BIM 360 [64],
introduced in 2012 as a cloud-based common data environment that enables real-time sharing of
BIM models and project information among geographically distributed stakeholders, thereby
improving coordination and information exchange throughout the project lifecycle (Figure 5) [65].
At the same time, the increasing adoption of mobile computing technologies led to the development
of mobile BIM applications, which enabled field personnel to access BIM data on portable devices
and interact with project information directly on construction sites. Research demonstrated that
integrating mobile BIM with location-tracking technologies could provide real-time visualization of
BIM models in the field and improve communication between on-site teams and remote stakeholders
[66].
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Figure 5. Autodesk BIM 360 Design interface for cloud-based BIM collaboration.
Source: Metropolis Magazine, adapted from Autodesk BIM 360 platform.

In parallel, cloud-native CAD systems such as Onshape (2015) introduced browser-based modeling
environments with integrated product data management and real-time collaborative editing,
allowing multiple users to simultaneously access and modify design models within a shared cloud
workspace [67]. Similarly, Autodesk Fusion 360 (2013) represented an integrated cloud-based
CAD/CAM platform that combined design, simulation, and manufacturing tools within a unified
environment, supporting cloud-based modeling and collaborative engineering workflows [68].
Together, these developments illustrate the transition toward cloud-centric engineering ecosystems
in which design data, geospatial information, interoperability standards, and collaborative
workflows are increasingly integrated within distributed cloud infrastructures.

2.6. 2020-PRESENT: AI AND DIGITAL TWINS

At the beginning of the 2020s, the application of artificial intelligence (Al) in CAD and BIM
environments began to expand rapidly within the AEC industry. This development has been driven
by the growing availability of digital building information, advances in machine learning algorithms,
and increasing computational capabilities [69]. In this context, BIM provides a structured digital
representation of built assets, while Al techniques enable automated analysis, prediction, and
optimization of design processes [70].

In practical applications, Al techniques are increasingly integrated into CAD/BIM workflows to
automate design processes, analyze complex models, and process spatial data acquired from the real
world. For instance, machine learning methods have been applied to BIM coordination processes to
automatically classify and filter clashes detected in multidisciplinary models, reducing the number
ofirrelevant conflicts and assisting BIM coordinators in prioritizing critical design issues in software
environments such as Navisworks [71]. In the domain of digital reconstruction and surveying, deep
learning algorithms are used in Scan-to-BIM pipelines to automatically segment and classify
elements from laser-scanned point clouds and reconstruct semantically structured BIM objects
without extensive manual modeling [72]. More recent developments involve generative Al
approaches, where large language model (LLM)-based frameworks can generate early-stage BIM
models directly from natural language descriptions by translating textual instructions into modeling
commands executed within BIM authoring software APIs [73].

Building upon the recent integration of artificial intelligence in CAD and BIM environments, the
concept of the Digital Twin (DT) has emerged as a major paradigm for managing and analysing
built infrastructure. Conceptually, a digital twin represents a cyber-physical system in which a digital
model continuously reflects the state of a corresponding physical asset through the exchange of data
between the physical and virtual environments. In the AEC domain, BIM models often serve as the
structural basis of such systems because they contain detailed geometric and semantic information
about buildings and infrastructure elements (Figure 5). When combined with real-time data from
sensors, loT systems, and operational databases, these models can evolve from static design
representations into dynamic digital twins capable of monitoring, simulation, and predictive analysis
throughout the lifecycle of built assets [74]. From a broader perspective, digital twins extend
traditional BIM workflows by integrating heterogeneous datasets, semantic models, and real-time
information streams to create a synchronized representation of infrastructure systems, thereby
supporting lifecycle management, performance analysis, and decision-making processes in
construction and facility management [75].
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Figure 6. Virtual Singapore — a national-scale digital twin platform used for
urban planning and simulation. Source: National Research Foundation
Singapore (NRF) and Singapore Land Authority (SLA).

In the context of infrastructure and geospatial applications, accurate georeferencing and integration
with geographic coordinate reference systems are essential for linking BIM models with real-world
spatial data and enabling interoperability with GIS environments [76]. Recent research in the
GeoBIM domain further explores methods for improving the spatial alignment of BIM models with
surveyed data and 3D city models [77].

In terms of software ecosystems, digital twin implementations are increasingly supported by modern
BIM and infrastructure platforms such as Autodesk Digital Twin [78], Bentley iTwin [79], and
Siemens NX Digital Twin [80] environments, which combine BIM models, IoT data streams, and
cloud infrastructures to enable real-time monitoring and lifecycle analysis of buildings and
infrastructure assets. Together, these developments illustrate the transition from static CAD/BIM
representations toward dynamic digital twin environments that integrate design data, geospatial
information, and operational analytics within unified digital infrastructures for the built
environment.

To provide a structured overview of the key technological developments discussed across different
historical periods, Table 1 summarizes the evolution of CAD and BIM systems, highlighting major
technologies, representative software, and their defining characteristics.

Table 1. Evolution of CAD and BIM technologies by period

Period Key Technologies Representative Main Characteristics
Software
Vegtor graphics, Sketchpad, DAC-1, | Interactive graphics, geometric
1960s—-1970s | mainframe . z .
. early GIS. constraints, limited accessibility.
computing.
Personal computin AutoCAD, Transition to PC-based CAD,
1980s D draftin puting, MicroStation, widespread adoption, geometry-
& Allplan. based modeling.
Pa.rametr%c and ArchiCAD, Tekla | Intelligent objects, parametric
1990s object-oriented . .
. Structures, Rhino. design, early BIM concepts.
modeling.
2000-2009 BIM emergence, | Revit, Civil 3D, | Integrated models, clash
interoperability. Navisworks. detection, lifecycle design.
2010-2019 Cloud computing, | BIM 360, Fusion | Collaboration, real-time data,
BIM-GIS. 360, Onshape. interoperability.
Autodesk  Digital . - .
2020-Present | AL Digital Twins. | Twin,  Bentley | ‘\utomation, predictive analytics,
Twin, smart infrastructure.




3. CONCLUSION

The historical development of CAD and BIM software demonstrates a continuous transformation of
digital design technologies from early geometry-based drafting tools into complex, information-rich
environments that support the entire lifecycle of built infrastructure. Early experimental CAD
systems established the fundamental principles of interactive computer graphics and geometric
modeling, while the expansion of personal computing in the 1980s enabled widespread adoption of
digital drafting platforms. Subsequent advances in parametric and object-oriented modeling during
the 1990s laid the conceptual foundations for BIM, which in the 2000s evolved into an integrated
approach for managing building information throughout design, construction, and operation. More
recently, the convergence of cloud computing, artificial intelligence, and digital twin technologies
has extended CAD/BIM environments beyond static design representations toward dynamic, data-
driven ecosystems capable of supporting real-time collaboration, predictive analysis, and lifecycle
management of infrastructure systems. Understanding this technological evolution clarifies the
capabilities of digital design platforms and highlights their growing role in intelligent,
interconnected environments for architecture, civil engineering, and geodesy.
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